Aim: Dental pulp has various characteristics in the pulp chamber, but only a few biological evaluations about the effect of age on dental pulp tissue have been reported. The purpose of this study was to compare dental pulp from young and from adult rats to characterize the homeostatic mechanism.
Introduction
the upper and lower first molars were extracted from each animal, and were washed for 5 min in ? -minimal essential medium (? -MEM; GIBCO, Carlsbad, CA, USA) containing 500 µg/ml gentamycin and 0.3 µg/ml fungizone. The periodontal ligament was then removed mechanically (using a knife observed through a loupe) and the outer surface of the root was then immersed in a solution of sodium hypochlorite for avoiding the contamination. Following washing with PBS, each tooth was broken using a dental chisel and a mallet. Each pulp was then carefully collected with a dental explorer and a dental scalar using a microscope into a 35 mm culture dish. Cells were cultured in ?-MEM containing 10% fetal bovine serum (FBS, inactivated at 56°C for 35 minutes, GIBCO) and antibiotic (40 µg/ml gentamycin, SIGMA, St Louis, MO, USA) in a humidified atmosphere of 95% air and 5% CO2 at a temperature of 37°C. The culture medium was changed every 2 days. Fourteen days after primary culture, the cells were detached using trypsin / EDTA (0.1% trypsin, 0.02% EDTA, pH 7.2) and were subcultured. Cells from the 4th subculture were then used in the following experiments.
Quantitative RT-PCR
Approximately 5×10 4 DPCs were seeded in 6-well dishes and were cultured.
The culture medium was changed every 2 days. Total RNA was extracted from each sample using the acid guanidium thiocyanate / phenol-chloroform method as follows. The culture medium of each dish was removed and cells were then rinsed twice using PBS. The cells were homogenized in 1 ml TRIsol ® Reagent (Invitrogen, Carlsbad, CA, USA) after 3, 7 or 14 days of incubation. Each solution was transferred to a 1.5 ml tube containing chloroform and was mixed. The tubes were centrifuged at 14,000 rpm at 4°C for 20 minutes, after which the supernatants were placed in 1.5 ml tubes containing 250 µl 100% isopropanol (a half amount of the TRIsol ® Reagent) at -80 °C for one hour. After centrifugation at 13200 rpm for 20 minutes at 4 °C, the supernatants were discarded, and the remaining total RNA pellets were washed with 70% cold ethanol. The total RNA pellets were dissolved in 50 µl RNAase-free (DEPC-treated) water. Total RNAs were reverse transcribed and amplified in 20 µl volumes using a Reverse Transcription Kit 
Statistical analysis
Three experimental runs were conducted, and data were analyzed using one-way analysis of variance (ANOVA) and a multiple comparison test (Scheffe's test) (p<0.05).
Results

Quantitative RT-PCR
Cbfa-1 mRNA expression in young DPCs increased from 3 to 14 days of culture, but in adult DPCs the expression of Cbfa-1 mRNA is very low.
Further, the expression of Cbfa-1 mRNA in young DPCs was higher than in adult DPCs. There were significant differences between young and the adult DPCs at all time periods (Fig. 1) . DSP mRNA expression in young DPCs also increased from 3 to 14 days of culture, but in adult DPCs the expression of DSP mRNA is slightly increase. DSP mRNA expression in young group at 14 days of incubation was significantly higher than that in adult group (Fig. 2) .
VEGF mRNA expression in both the young and the adult DPCs tended to increase day by day. The rate of increased VEGF mRNA expression in adult DPCs was higher than in young DPCs. There were significant differences between the young and the adult DPCs at all time periods (Fig. 3) . HSP27 mRNA expression in the young group did not vary with culture time, but the expression of HSP27 mRNA in adult DPCs was slightly increased from 3 to 7 days of culture. The HSP27 mRNA expression in adult DPCs at 7 and 14 days of culuter was significantly higher than in young DPCs (Fig. 4) .
Discussion
It is well known that the volume of the pulp chamber decreases with age, and that this phenomenon occurs as a result of homeostatic mechanisms (14) .
Only a few biological evaluations about aged dental pulp tissues have been reported (15) (16) (17) . Further, a reduction of osteocalcin mRNA expression may also be associated with the loss of viability in dental pulp (18) . Although Muramatsu et al. evaluated the aged dental pulp tissue from old people, We used pulp cells from the 350 g rats (15-week-old) as not senescence DPCs but adult DPCs in this study. In this study, we analyzed the mRNA expression of several important markers to further evaluate the characteristics of adult dental pulp.
Cbfa-1 is a transcription factor that belongs to the runt domain gene family (20) (21) (22) . Cbfa-1 is a factor that not only regulates osteoblast maturation, but also chondroblast maturation (20, 22) . Furthermore, Cbfa-1 regulates not only the expression of bone and cartilage related genes, but also is involved in dystrophic calcification. Further, DSP is the specific protein for dentin related protein secreted from DPCs and odontoblast.
Dentin phosphoprotein (DPP) and dentin sialoprotein (DSP) are two types of dentin non-collagenous matrix proteins. These proteins were originally thought to be dentin-specific until Qin et al. ( 23) To examine the DSP expression is one of indicators for DPCs' differentiation. So, a dentin bridge is formed under the necrotic tissue after vital pulpectomy with Ca2OH. Further, the expression of Cbfa-1 in dental pulp tissue is well known (24) . In this study, a little expression of Cbfa-1 and DSP mRNAs was seen in adult DPCs, but young DPCs expressed high levels of Cbfa-1 and DSP mRNAs. This phenomenon demonstrates that young DPCs may readily produce dentin bridges or ectopic calcification in the pulp chamber.
Angiogenesis plays an important role in maintaining homeostasis.
Booth et al. demonstrated that VEGF is involved in angiogenic processes in healthy as well as in diseased periodontal tissues (25) . Further, there are some reports about the relationship of VEGF in dental pulp (26, 27) . Many studies have investigated angiogenesis in the DPCs, and have gradually clarified its function. However, age-related differences in angiogenesis are less well understood. VEGF is a crucial regulator of vascular development during embryogenesis (vasculogenesis), as well as in blood-vessel formation (angiogenesis) in adult tissues (28). Yoshino et al. reported that mechanical stress stimulates the production of VEGF (29) . In this study, the rate of increase in VEGF mRNA expression in the adult group was higher than in the young group. Further, it is known that the dental pulp canal becomes stenosed with age which could explain why VEGF mRNA expression of adult DPCs is higher than that of young cells.
Heat shock protein (HSP) 27 is a member of the small HSP family that plays a part in regulating cell growth, cell differentiation, wound healing, apoptosis and cell protection against stress (30) . Further, HSP serve as molecular chaperones in maintaining homeostasis and are expressed physiologically in response to various types of stress. Furthermore, HSP has remarkable potencies to induce self-defense mechanisms necessary to maintain the homeostatic mechanism in aged tissues. HSP 27 expression can be associated with cellular vulnerability or tolerance to stress and can even be used as an index of cellular stress (31, 32) . In this study, the rate of increase in HSP 27 mRNA expression in adult DPCs was higher than in young DPCs, which means that the self defense ability in adult DPCs is high.
In conclusion, the self defense system in young DPCs is achieved by calcification, but in adult dental pulp cells it is carried out by the expression of self defense proteins and the regeneration of vessels. However, DSP mRNA expression in adult group increased only slightly. So there is a significant difference between young and adult groups at 14 days.
Legends of figures
The data is shown as the fold increse of corresponding three days of incubation in young DPCs. 
